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Abstract: The quasi-two-dimensional (quasi-2D) nickelate La4Ni3O8 (La-438) is an anion deficient 
n=3 Ruddlesden-Popper (R-P) phase that consists of trilayer networks of square planar Ni ions, 
formally assigned as Ni1+ and Ni2+ in a 2:1 ratio. While previous studies on polycrystalline samples 
have identified a 105 K phase transition with a pronounced electronic and magnetic response but 
weak lattice character, no consensus on the origin of this transition has been reached. Here we show 
using synchrotron x-ray diffraction on high-pO2 floating-zone grown single crystals that this 
transition is driven by a real space ordering of charge into a quasi-2D charge stripe ground state. 
The charge stripe superlattice propagation vector, q=(⅔, 0, 1), corresponds with that found in the 
related ⅓-hole doped single layer R-P nickelate, La5/3Sr1/3NiO4 (LSNO-⅓, Ni2.33+) with orientation 
at 45° to the Ni-O bonds. The charge stripes in La-438 are weakly correlated along c to form a 
staggered ABAB stacking that minimizes the Coulomb repulsion among the stripes. Surprisingly, 
however, we find that the charge stripes within each trilayer of La-438 are stacked in phase from 
one layer to the next, at odds with any simple Coulomb repulsion argument. 
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Introduction 
Competition between localized and itinerant electron behavior is an organizing construct in our 
understanding of correlated electron transition metal oxide (TMO) physics(1-4). Some of the most 
compelling phenomenology in these materials occurs in the mixed-valent state for the transition 
metal, which is set by composition, doping, and anion coordination of the metal. Many 
mixed-valent TMOs adopt insulating ‘charge-ordered’ states, in which an inhomogeneous yet 
long-range ordered configuration of the charge density condenses from a uniform metallic state(5). 
The real-space pattern of charge order varies by material(6-9), but a typically-observed motif is 
some variety of charge stripes. Such stripes have been observed in cobaltites(10-12), 
cuprates(13-15), nickelates(16-19), and manganites(20-22), albeit with highly materials dependent 
configurations that hinge on a balance among Coulomb, lattice, and magnetic exchange energies. 
For instance, charge stripes in layered nickelates typically stagger themselves from layer to layer to 
reduce the collective electrostatic energy arising from the charge disproportionation(9, 18). 
Indeed, the case of nickelates plays a prominent role in charge-stripe physics(6-9, 16-19, 23-28), 
since mixed-valent Ni2+ (d8) and Ni3+ (d7) compounds such as La2-xSrxNiO4 (LSNO) are structurally 
and electronically related to high-Tc superconductors and thus have been targeted as potential 
alternatives to the cuprates. Instead of superconductivity, however, the ground state of such 
quasi-two-dimensional (quasi-2D), octahedrally coordinated nickelates is marked by static charge 
and spin stripes, with a three-fold superlattice periodicity for compositions near x=1/3 
(La5/3Sr1/3NiO4, hereafter abbreviated as LSNO-⅓) found to be particularly stable(7). Despite this 
ubiquitous behavior for octahedrally coordinated nickelates, Anisimov et al. have suggested that 
Ni1+ in a square planar coordination with O ions can form an S=½ antiferromagnetic insulator that 
may be doped with low spin (S=0) Ni2+ holes to yield a superconductor(29).  
To test such ideas, a series of anion-deficient Ruddlesden-Popper (R-P) phases Rn+1NinO2n+2 
(R=La, n=2; R=La, Pr, Nd, n=3) with a rigorously square planar Ni-O environment were 
synthesized and studied in polycrystalline form(30-37). None of these materials superconducts. 
However, one of the members of the series, La4Ni3O8 (La-438), undergoes a still incompletely 
understood phase transition on cooling through 105 K, accompanied by a dramatic increase in 
resistivity and a discontinuity in magnetization(35). Based on a range of theoretical treatments, the 
transition has been attributed to a spin-density wave (SDW)(35) or to a spin-state driven 
metal-insulator transition(37-39), possibly accompanied by charge disproportionation into two Ni1+ 
sheets sandwiching a Ni2+ sheet in the trilayer(Fig. 2A)(40). Difficulties remain with each of these 
potential explanations, and although NMR measurements(36) reveal strongly 2D antiferromagnetic 
spin fluctuations developing eventually into long-range order, the nature of the low temperature 
magnetic state remains open; neutron powder diffraction shows no magnetic peaks(35). Other 
fundamental issues connected to nickelate physics are also relevant to La-438, including 
homogeneity of the hole concentration in the symmetry-inequivalent layers (i.e., layered charge 
segregation that must be present to some extent due to the different environments of the outer and 
inner layers), the appropriateness of a mixed-valent Ni1+/Ni2+ description, the role of ligand holes 
vis-à-vis more highly oxidized Ni3+-containing oxides such as LSNO and LaNiO3, 3z2-r2/x2-y2 
orbital polarization, and ultimately the potential for unconventional superconductivity(41). 
Unfortunately, a lack of single crystals to date has challenged definitive experimental tests and 
impeded progress on all of these issues.  
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Here, we present a fresh view of La-438 physics made possible by our newfound ability to grow 
single crystals of this compound. In particular, using single-crystal synchrotron x-ray diffraction, we 
find evidence of a superlattice below the 105 K transition and argue that it is driven by real-space 
ordering of charge. Our results reveal a close connection between La-438 (Ni1.33+) and LSNO-⅓ 
(Ni2.33+), including a shared propagation wave-vector, q=(⅔, 0, 1), ordering of the stripes at 45° to 
the Ni-O bonds, and a weak coupling along c in a staggered configuration that minimizes Coulomb 
repulsion between adjacent trilayer blocks separated by ~6.5 Å. Remarkably, however, our data 
show that within the trilayer itself, the charge stripes are stacked in phase with one another, 
violating the Coulomb repulsion argument at this much shorter (~3.25 Å) length scale. 
Results and Discussion 
La-438 single crystals (1~2 mm2 × 0.5 mm) were obtained by reducing (4% H2/Ar gas, 350 °C, five 
days) specimens cleaved from a boule of La4Ni3O10 that was grown at pO2 = 20 bar in an 
optical-image floating zone furnace (HKZ-1, SciDre GmbH). The crystals are fragile, likely due to 
strains and microcracks that develop during the reduction process. Indeed, the structure undergoes a 
large, highly anisotropic expansion: Δa~Δb~ +3.0%, and Δc~ -6.6%)(34, 42). Nonetheless, La-438 
specimens measured at 15-ID-B of the Advanced Photon Source (APS) definitively showed that 
they are well-defined single crystals, from which the structure of La-438 was determined (see SI).  
At room temperature, La-438 crystallizes in the tetragonal I4/mmm space group with unit cell 
parameters a=3.9700(5) Å, c=26.092(3) Å and Z=2, in agreement with the structure reported by 
Poltavets et al. from Rietveld refinement on powder neutron data(34). For consistency with the 
body of literature on LSNO(18, 43), we henceforth adopt the F4/mmm (√𝟐a×√𝟐a×c) description of 
this high-T phase, with the principal axes rotated 45° from the Ni-O bonds (Fig. 2A). All Ni atoms 
are in square-planar coordination with Ni-O bond lengths 1.9850(2) Å for Ni(1)-O and 1.9852(3) Å 
for Ni(2)-O, which are slightly longer than those reported for the n=2 La3Ni2O6(30) and n=∞ 
LaNiO2(44) phases. Nominally, the average Ni1.33+ oxidation state can be apportioned as Ni+ and 
Ni2+ in the outer and inner layers, respectively. However, first-principles theoretical considerations 
argue against this picture(39), as do our experimental data presented below. 
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Fig. 1. Temperature dependence of selected physical properties of La4Ni3O8. (A) In-plane and 
out-of-plane DC magnetic susceptibility for various magnetic fields (ZFC: zero field cooling, open 
symbols; FC: field cooling, solid symbols). (B) First derivative of in-plane and out-of-plane 
magnetic susceptibility for various magnetic fields. (C) Electronic resistivity in the ab plane. (D) 
Heat capacity in zero field. Solid back points: data; Red curve: polynomial background fit; Open 
blue circles: difference between the data and the fit. 
Physical properties including magnetic susceptibility, resistivity, and heat capacity were 
measured on as-prepared La-438 single crystals(45), revealing anisotropy not available from 
powder specimens. Fig. 1A shows the temperature dependence of the in-plane (H┴c) and 
out-of-plane (H||c) DC magnetic susceptibility. Anomalies at 105 K are observed at both high and 
low applied magnetic fields. At high applied fields (μ0H ≥ 1 T), the magnetization shows an abrupt 
drop while cooling through T=105 K, in agreement with that reported by Poltavets et al.(35) and 
Cheng et al.(37). The decrease in M through the transition is field dependent and anisotropic. For 
example, the decrease in M is 6.5%(H||c) and 2.5%(H┴c) at 5 T. This anisotropy increases at low 
fields, reaching ~7 at 1 T, accompanied by a less pronounced anomaly. At low applied fields (μ0H ≤ 
0.1 T), M shows a subtle, anisotropic change in slope that was apparently obscured in the 
polycrystalline samples measured by Poltavets et al.(35). To emphasize this behavior, dM/dT for 
low fields is presented in Fig. 1B. The derivative for H┴c shows a maximum at each field, while 
that for H||c shows a minimum at low fields and maximum at high fields. Similar behavior found in 
other layered oxides such as Ca3Co4O9(46) and Na0.71CoO2(47) has been attributed to SDW 
formation. One possibility, then, is that the ground state of La-438 is an SDW, which would be 
consistent with the proposal of Poltavets et al. based on band structure calculations(35).  
Another possibility is that the ground state magnetism develops out of a charge ordered precursor 
phase such as that found in related R-P nickelates(16-19). For example, LSNO-⅓, which charge 
orders at TCO ~239 K before spin order is established at TSO ~ 194 K, also exhibits a similar step in 
the magnetic susceptibility(48). Fig. 1C shows the temperature-dependent resistivity of the La-438 
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single crystals in the ab plane. It reveals a semiconducting behavior above the 105 K transition(49) 
and highly insulating behavior below this transition. Our data are consistent with those of Poltavets 
et al.(35) and Cheng et al.(37), and confirm an abrupt localization of charge below 105 K, 
qualitatively similar to that observed in LSNO-⅓(16). We note that Cheng et al.(37) suggest that 
poor grain connectivity in their cold-pressed polycrystalline La-438 samples leads to an 
anomalously high resistance for T > 105 K and argue from thermopower measurements that the true 
state in this high-T regime is metallic. Our data show a similar high resistance, which could result 
from poor connectivity across a strain-induced network of microcracks created during the reduction 
process. Nonetheless, the temperature dependence is not that of a metal. 
Fig. 1D shows the heat capacity of a La-438 single crystal plotted as Cp/T. To estimate the 
entropy change of the 105 K transition, we have phenomenologically fit the behavior above and 
below with a fifth-order polynomial and subtracted this background(50). Integrating the area under 
the resultant peak yields ∆S=5.93 J mole-1 K-1, which agrees well with that found by Poltavets et al. 
(5.96 J mole-1 K-1)(35). We note that the entropy change per Ni (1.98 J mole-1 K-1) in La-438 is 
close to that found (2.0±0.3 J mole-1 K-1) by Klingeler et al. in LSNO-⅓, which has been attributed 
to condensation of short-range, fluctuating charge stripes(48). 
 
Fig. 2. Crystal structure of La4Ni3O8. (A) The I4/mmm unit cell is highlighted with solid lines, the 
F4/mmm setting used in this work is identified by the lattice vectors a, b, and c. Temperature 
dependence of the unit cell parameters (B-D) and bond distances (E-G) extracted from Rietveld 
refinement on high-resolution synchrotron X-ray powder diffraction data. Error bars represent the 
estimated standard deviation from the refinement, and they are smaller than symbols for the unit 
cell parameters (a, c and V).  
Fig. 2B-D show the temperature dependence of the unit cell parameters in the range 82-120 K 
extracted from Rietveld refinement of high resolution x-ray powder diffraction data (see SI). No 
symmetry change was observed below the transition in this temperature range. However, a clear 
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increase of the a axis length (~0.029%) and unit cell volume (~0.02%), and a drop of the c axis 
length (~0.038%) are observed when cooling through the 105 K transition, with a concomitant drop 
in c/a (~0.068%). Our data are consistent with those of Cheng et al.(37), and reflect a weak lattice 
contribution to the transition. Fig. 2E-G show the La-O and Ni-O bond lengths as a function of 
temperature. Pronounced but smooth changes in the bond lengths of La1-O1(~0.003 Å), Ni1-O1 
(<0.001 Å), and Ni2-O2 (<0.001 Å) are observed, but no changes outside the noise are observed in 
La1-O2, La2-O2 and La2-O3. This demonstrates that the structural changes that occur through the 
transition are isolated to the Ni-O trilayer blocks, with the rocksalt LaO layers acting as weak 
structural links between these blocks. We note that the sign of the change in unit cell parameters 
and Ni-O bond distance on cooling is consistent with the spin-state transition model proposed by K. 
Lokshin et al.(38) and developed theoretically by Pardo and Pickett(39), in which x2-y2 orbitals 
become more electron-rich. If such a picture is correct, however, the charge redistribution is 
associated with a remarkably small magnitude of the lattice response. 
With an average oxidation state of 1.33+, square-planar coordinated La-438 is separated by an 
integral charge from the average oxidation state of 2.33+ in octahedrally coordinated LSNO-⅓, 
which develops a charge- and spin-stripe ordered ground state. It is thus intriguing to consider that 
analogous ordering of charges and spins could be occurring in the present square-planar coordinated 
trilayer system, electronically controlled by a ⅓-hole doping beyond a uniform Ni1+ background. 
We now provide synchrotron x-ray diffraction evidence that supports such a picture, and argue that 
real space ordering of charge is likely to be the primary driving force of the 105 K transition in 
La-438.  
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Fig. 3. Charge stripe ordering in La4Ni3O8. (A, C) Reconstructed hk0 and (h+8/3, h-8/3, l) planes 
(F4/mmm notation) measured at 95 K at 15-ID-B. Note that intensity at the forbidden peaks (e.g. 
15�0, 35�0, 53�0, …), as indicated by yellow arrows in (A), result from diffuse rods of scattering along 
the l direction (see SI for details). (E, G) Measured superlattice peaks at (1, -4.333, 0) and (2, -3.333, 
0), as indicated by dash yellow rectangle in (C). (B, D, F, H) Simulated diffraction patterns based 
on the charge stripe model shown in (J). The size of the spots in (B) indicates the intensity. (I) 
Intensity along the line (h, -3, 0) at 95 K (blue circles) and 120 K (red squares). (J) Charge stripe 
model in real space. Yellow(blue) spheres represent areas of higher(lower) valence than the average 
1.33+. Solid rectangle denotes the charge stripe supercell. 
Fig. 3A shows an hk0 plane measured at 95 K. In addition to the fundamentals at 24�0, 44�0, 26�0, 
etc., sharp superlattice (SL) reflections are observed between these fundamentals, spaced evenly at 
an interval of a*/3. Refinement of the positions against ~400 SL reflections (I≥3σ) gives q=0.333(1). 
SL spots are observed both along a* and b*, reflecting the mixture of two 90° oriented 
orthorhombic domains expected upon lowering of symmetry from tetragonal to orthorhombic. The 
resulting pattern in the hk0 layer thus appears as squares of SL peaks along the zone edge, 
corresponding to the [100] direction in real space, or 45° to the Ni-O bonds. A line cut along (h, -3, 
0), Fig. 3I, shows that these SL reflections are absent above the 105 K transition. In contrast to the 
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sharp reflections seen in the hk0 projection, the SL peaks become broadened along c*, as shown in 
the (h+8/3, h-8/3, l) plane (Fig. 3C). Unfortunately, the data are of insufficient quality to extract 
correlation lengths reliably; however, the qualitative appearance is consistent with the expected 
ξab >> ξc, as likewise found in LSNO-⅓(19). We might expect that short-range, fluctuating stripes 
will form well above 105 K before condensing, again like LSNO-⅓(23). The close agreement of the 
entropy change through the transition to long-range order between La-438 and LSNO-⅓ 
corroborates this supposition. 
The distribution of positions and intensities of the SL reflections provides a means to assess the 
real space arrangement of the stripes, i.e. the intra- and interlayer charge stacking. Consider first the 
stacking of charges within the trilayer, a unique feature of La-438 vis-à-vis LSNO-⅓. Although 
Coulomb repulsion arguments favor a staggering of the charge from layer to layer, our diffraction 
data conclusively show that the charges are stacked in phase within the trilayer. Fig. 3B and D show 
simulations of the scattering from a stacked charge trilayer model assuming a propagation vector 
q=(⅔, 0, 1). This produces a three-fold diagonal stripe pattern in the ab-plane oriented at 45° to the 
Ni-O bonds, in agreement with the observations. Intensity variation along c* takes maximum values 
at positions spaced by ∆l=8, a consequence of the c/8 spacing of the layers within a trilayer. 
Importantly, the maxima along c* appear at l=8n, in agreement with the data presented in Fig. 3C. 
In contrast, a model in which the charges are staggered within the trilayer yields intensity maxima 
at l=4+8n (see Fig. S3), inconsistent with the experimental data. Other stacking models were tested 
(see SI) but likewise failed to match the observed scattering. Stacking of charge is counterintuitive 
within a framework of a simple electrostatic model. Indeed, charge stacking in manganites adoping 
the zig-zag CE charge, orbital, and magnetic ordered state was explained by invoking an intersite 
Coulomb repulsion of lesser importance than the kinetic energy (double exchange) and magnetic 
interactions along the Mn3+/Mn4+ stripes(21). In the case of the La-438 nickelate, a similar 
mechanism might apply. A free energy gain is possible from the “d8” sites if they stack on top of 
one another, because their partially occupied 3z2-r2 orbitals would generate a net bonding 
interaction along c. A related bonding picture was suggested by Pardo and Pickett(51), although 
their particular model should not exhibit the charge modulation found here. 
We turn now to the inter-trilayer stacking of charges, which in single layer LSNO-⅓ follows a 
body-centering pattern schematically shown in Fig. 3 of Ref. (9) and Fig.10(c) of Ref. (18). This 
arrangement minimizes the Coulomb repulsion among the stripes. Our data indicate that La-438 
adopts a competing ABAB stacking (A and B represent a trilayer) shown schematically in Fig. 3J. 
Fig 3A shows that the SL spots in the hk0 plane have a nonuniform intensity distribution, with 
reflections (h±⅓, k±1, 0) (and equivalents for the 90° rotated domain), where (h, k, 0) is an allowed 
reflection of F4/mmm, appearing more intense than those with index (h, k±⅔, 0). This distribution 
of intensity can be reproduced (Fig. 3B) by a model with ABAB stacking of the stripes along c, akin 
to that of Fig. 10(b) of Ref. (18). Note that this ABAB stacking sequence permits even-l reflections 
and thus differs from the LSNO-⅓ stacking pattern in which bond- and site-centered stripes 
alternate along c, and for which odd-l reflections only are observed.  
Additional support for the ABAB model can be found by interrogating the l-dependence of the 
peak intensities. Fig. 3E and G are intensity plots along c* in the vicinity of the (1, -4.333, 0) and (2, 
-3.333, 0) SL reflections, respectively. While both are broad, there is a clear qualitative difference in 
the appearance of these peaks: the former consists of a single maximum, while the latter appears as 
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a poorly resolved doublet. The simulated patterns for these reflections are shown in Fig. 3F and H, 
and are in good agreement with the corresponding data. Inspection of the simulated data in the 
absence of broadening shows that each peak is actually a triplet with intensity centered at l= -1, 0, 1. 
In the case of (1, -4.333, 0) and its equivalent SL reflections, the maximum intensity is located at 
l=0, while for (2, -3.333, 0), the maximum intensity is located at l= -1 and 1. Hücker et al.(18) have 
pointed out that the difference between a double period ABAB and a triple period ABCABC stacking 
is set by the second-neighbor interaction, which is expected to be weak. Due to the breadth of the 
SL reflections along c*, the possibility that La-438 has some ABC stacking faults cannot be ruled 
out entirely; however, the presence of l even SL reflections demonstrates that ABAB stacking of the 
trilayer blocks dominates. Thus, while La-438 adopts a different stacking than that found in 
LSNO-⅓, the stacking of charge from trilayer to trilayer in the observed pattern likewise minimizes 
the Coulomb repulsion. 
Conclusion 
Our observations offer a new perspective on La-438(35, 40, 51-54). Primarily, we find that the 
low-temperature ground state of La-438 is a charge-stripe ordered insulator, akin to those found in 
LSNO-⅓, and that this real-space order into charge stripes is the primary driver of the 105 K phase 
transition. We find that this inhomogeneous charge distribution takes the form of stacked charge 
stripes within the trilayer, which then stagger between trilayers along c in an ABAB sequence. Thus, 
when framed solely within the context of a simple inverse-square law, La-438 adopts a paradoxical 
ground state in which the Coulomb interaction is minimized at long distances but not at short-range. 
While a full, quantitative understanding of this stripe organization will require theoretical input, one 
possibility is that bonding among partially occupied 3z2-r2 orbitals within the trilayer, which favors 
locking the charge into this stacked pattern, outweighs the short range electrostatic energy. 
Further confirmation of the connection between La-438 and LSNO nickelate physics will require 
understanding the magnetic ground state of La-438, which should likewise exhibit the same in plane 
wave-vector; neutron and magnetic x-ray scattering measurements are planned to test this. Finally, 
our single crystals provide a platform to address a broader set of questions about La-438, including 
orbital polarization and related questions regarding spin-state and ligand-hole contribution. It may 
also be possible to dope electrons into these crystals to explore the impact on the charge ordered 
ground state. 
Materials and Methods 
Physical Properties. Magnetic susceptibility measurements were performed on single crystals 
using a Quantum Design MPMS3 SQUID magnetometer. Zero-field cooled and field cooled data in 
the ab plane and out-of-plane were collected between 1.8 and 300 K under an external field of 0.01, 
0.1, 1.0, and 5.0 T. The electrical resistivity was measured in the ab plane of the La4Ni3O8 single 
crystals under zero applied magnetic field using the standard four-probe AC technique on a 
Quantum Design Physical Properties Measurement System (PPMS). The specific heat 
measurements were carried out in the PPMS using the relaxation method under zero applied 
magnetic field. 
X-ray Diffraction Experiments. Single crystal X-ray diffraction data were collected with an 
APEX2 area detector using synchrotron radiation (λ=0.41328 Å) at Beamline 15-ID-B at the 
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Advanced Photon Source, Argonne National Laboratory. A single crystal with dimensions of 
approximately 5 µm on an edge was used to determine the structure at room temperature. To 
observe the superlattice peaks below the 105 K transition clearly, larger single crystals 
(approximately 20 μm on edge) and longer exposure times (e.g., 2.0 s/0.2°) were used. In this case, 
many Bragg peaks were found to overflow due to the limited dynamic range of the CCD detector 
(max. 65536) and the extreme intensity ratio of the Bragg/superlattice peaks (~105). Several single 
crystals were used in this experiment, and the superlattice peaks are reproducible. Data were 
collected at room temperature first, and then the samples were measured in the range of 90-200 K 
by flowing nitrogen gas, and in the range of 15-70 K by flowing helium gas. Φ-scans were used, 
and 1800 frames were collected for q-vector refinements. 
Variable-temperature High Resolution Powder X-ray Diffraction. High-resolution x-ray powder 
diffraction data were collected on pulverized La-438 crystals at beamline 11-BM (APS) in the range 
of 0.5°≤2θ≤36° with a step size of 0.001° and step time 0.2 s (see SI). 
Stripe Ordering Simulations. The structure factors for superlattice reflections were calculated via 
construction of superlattice unit cells with a modulation of charge imposed upon the nickel sites 
such that a charge disproportionation results. Although only an approximation to the true charge 
state of the stripes, this approach allows for a qualitative comparison with the observed pattern of 
superlattice reflections and thus provides insight into which models work and which can be 
eliminated. We have convolved the Bragg peaks with a Gaussian along the c* direction (σ=0.5|c*|) 
to approximate the breadth of the observed peaks along the c* direction. The following 
simplifications have been employed: a real scattering length has been considered for each atom; no 
effort has been made to correct for the energy-dependent or momentum-dependent scattering length; 
Debye-Waller factors were not incorporated (see SI). 
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Supporting Information 
Synchrotron x-ray single crystal diffraction of La4Ni3O8 
Single crystal X-ray diffraction data were collected at room temperature with an APEX2 area 
detector using synchrotron radiation (λ=0.41328 Å) at Beamline 15-ID-B at the Advanced Photon 
Source, Argonne National Laboratory. A single crystal of La4Ni3O8 with dimensions of 
approximately 5 µm on an edge was attached to the tip of a glass fiber and mounted on the 
goniometer. Indexing was performed using Bruker APEX2 software(S1). Data integration and cell 
refinement were performed using SAINT, and multi-scan absorption corrections were applied using 
the SADABS program. The structure was solved by direct methods and refined with full matrix 
least-squares methods on F2. All atoms were modeled using anisotropic ADPs, and the refinements 
converged for I > 2σ (I). Calculations were performed using the SHELXTL crystallographic 
software package(S2). Details of crystal parameters, data collection and structure refinement are 
summarized in Table I. Atomic positions are presented in Table II. Further details of the crystal 
structures may be obtained from Fachinformationszentrum Karlsruhe, 76344 
Eggenstein-Leopoldshafen, Germany (fax: (+49) 7247-808-666; 
E-mail: crysdata@fiz-karlsruhe.de, http://www.fiz-karlsruhe.de/request_for_deposited_data.html) 
on quoting the appropriate CSD number 429798. 
Table I. Crystal data and structure refinement for La4Ni3O8 at 296(2) K. 
Empirical formula La4Ni3O8  
Formula weight 859.77  
Temperature 296(2) K  
Wavelength 0.41328 Å  
Crystal system, space group Tetragonal I4/mmm Tetragonal F4/mmm 
Unit cell dimensions 
a = 3.9700(5) Å, α = 90° 
b = 3.9700(5) Å, β = 90° 
c = 26.092(3) Å, γ = 90° 
a = 5.6144 Å, α = 90° 
b = 5.6144 Å, β = 90° 
c = 26.092(3) Å, γ = 90° 
Volume, Z 411.24(11) Å3, 2 822.48 Å3, 4 
Density (calculated) 6.943 g/cm3  
Absorption coefficient 5.668 mm-1  
F(000) 752 1504 
θ range for data collection 0.908 to 14.402°  
Reflections collected/Independent 1609/128 [Rint = 0.0231]  
Completeness to θ = 14.357° 83.6%  
Refinement method Full-matrix least-squares on F2  
Data / restraints / parameters 128 / 0 / 21  
Goodness-of-fit 1.441  
Final R indices [I > 2σ(I)] Robs = 0.0170, wRobs = 0.0402  
R indices [all data] Rall = 0.0207, wRall = 0.0517  
Largest diff. peak and hole 0.921 and -1.046 e·Å-3  
R = Σ||Fo|-|Fc|| / Σ|Fo|, wR = {Σ[w(|Fo|2 - |Fc|2)2] / Σ[w(|Fo|4)]}1/2 and w=1/[σ2(Fo2)+10.5182P] where P=(Fo2+2Fc2)/3 
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Table II. Atomic coordinates and equivalent isotropic displacement parameters (Å2) for La4Ni3O8 
at 296(2) K with estimated standard deviations in parentheses. 
Label 
Wyckoff 
position 
I4/mmm 
a=b=3.9700(5) Å, c= 26.092(3) Å 
F4/mmm 
a=b=5.6144 Å, c= 26.092 Å Occupancy Ueq* 
x y z x y z 
La(1) 4e 0 0 0.4339(1) 0 0 0.4339(1) 1 0.004(1) 
La(2) 4e 0 0 0.2990(1) 0 0 0.2990(1) 1 0.004(1) 
Ni(1) 2a 0 0 0 0 0 0 1 0.003(1) 
Ni(2) 4e 0 0 0.1250(1) 0 0 0.1250(1) 1 0.005(1) 
O(1) 4c 0 0.5 0 0.25 0.25 0 1 0.007(2) 
O(2) 8g 0 0.5 0.1261(2) 0.25 0.25 0.1261(2) 1 0.007(2) 
O(3) 4d 0 0.5 0.2500 0.25 0.25 0.2500 1 0.005(2) 
*Ueq is defined as one third of the trace of the orthogonalized Uij tensor. 
 
Diffuse scattering along c* 
We noticed the presence of forbidden peaks in the hk0 plane; here we show that they arise from 
diffuse scattering attributed to stacking faults along the c axis. Fig. S1A shows a reconstructed hk0 
reciprocal space plane of a La4Ni3O8 crystal measured at 95 K using APEX2. The yellow circles 
emphasize forbidden peaks, such as (55�0) (#3), (53�0) (#2), (51�0) (#1). Fig. S1B shows a 
three-dimensional plot of the rectangular area shown in Fig. S1A; one can see clearly the three 
forbidden peaks (#1, #2, and #3) in addition to three superlattice peaks. Fig. S1C shows a 
reconstructed 5kl plane to check whether there is intensity for these forbidden peaks along the l 
direction. Fig. S1D shows the peaks (55�1) and (55�1�), and an expanded picture of #3 on the right of 
Fig. S1D. As can be seen, (55�1) and (55�1�) are strongly allowed Bragg peaks, and the tails from 
these two neighboring peaks extend into the region of (55�0). We adjusted the sample-detector 
distance, but could not separate them adequately. Similar behavior is found for each forbidden peak, 
as shown in Fig. S1A. This diffuse rod of intensity is observed as a spot in the hk0 plane, but does 
not represent a true Bragg reflection that would indicate a lower average symmetry. More 
importantly, the intensity at the forbidden positions is also found above the 105 K transition, and 
exhibits no temperature dependence. This indicates that the diffuse scattering comes from static 
disorder in the system unrelated to the charge stripes. 
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Fig. S1. Reconstructed hk0 and 5kl reciprocal space planes and three dimensional plots of the 
forbidden peaks (F4/mmm setting) of a La4Ni3O8 crystal measured at 95 K. Note the units of X and 
Y axes are detector pixels. 
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Variable-temperature high-resolution x-ray powder diffraction 
High-resolution x-ray powder diffraction data were collected on pulverized La-438 crystals at 
beamline 11-BM at APS. The sample was loaded into a Ф=0.8 mm Kapton capillary tube that was 
spun continuously at 5600 rpm during data collection. Diffraction patterns were recorded on cooling 
(λ=0.414125 Å) at 300 K, 250 K, 200-150 K (5 K interval) and 120-82 K (2 K interval). An Oxford 
Cryostream 700 Plus N2 gas blower was used to control the temperature, and the cooling rate was 
set to 5 K/min for 250 K and 200-150 K, and 1 K/min for 120-82 K. The temperature was stabilized 
for 2 min at each set point prior to data collection. Data were analyzed with the Rietveld method 
using the GSAS(S3) software under the graphical interface EXPGUI(S4). The background at each 
temperature was fit using a 20-term Chebyshev polynomial (Function #1) and then fixed. Refined 
parameters include scale factor, lattice parameters, atomic positions, isotropic atomic displacement 
parameters (Uiso, all atoms are grouped together), and profile shape parameters. Pseudo-Voigt 
functions with anisotropic microstrain broadening (function #4)(S5) were used for the peak profiles. 
For the three-phase refinement of room temperature data, the corresponding profile parameters for 
each phase were constrained to be the same. The refinement of room-temperature data converged at 
Rwp=12.51%, Rp=9.25% and χ2=6.74 with weight fractions of 98.7%, 0.6%, and 0.7% for La-438, 
La3Ni2O6.35 and La2O3, respectively. The low temperature data were refined using a single-phase 
model. 
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Fig. S2. High-resolution synchrotron X-ray pattern at room temperature. The black circles, red 
curve, green curve, black bars and blue curve correspond to the observed data, calculated intensity, 
background, Bragg peaks, and difference curve, respectively. Note for the black bars, La4Ni3O8 
(bottom), La3Ni2O6.35(middle), and La2O3(top).  
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Charge stripe stacking models 
To understand the charge stripe arrangement in La4Ni3O8, we studied several models. While there 
could be other possibilities, we list here those we consider most reasonable. 
Model #1: This model has in-phase stacking within each trilayer as presented in the main text (see 
main text, Fig. 3J). It is characterized by two sets of superlattice reflections (weaker and stronger) 
around each of the main Bragg peaks in the hk0 plane, and indeed both sets are observed in the data 
shown in Fig. 3A. Importantly, maxima in the structure factors are predicted for l=8n, where n is an 
integer, in accordance with the observations shown in Fig. 3C. Among those tested, this model 
appears to be the best description for La4Ni3O8. 
Model #2: In this model, shown in Fig. S3, the charges are not stacked in-phase within each trilayer.  
Instead, the charge in the center layer of each trilayer is shifted along a with respect to the top and 
bottom layers within the same trilayer. This generates sets of superlattice maxima centered at 
l=4+8n, where n is an integer, which is at odds with the observations of maxima at l=8n. 
Model #3: In this model, shown in Fig. S4, the top, center, and bottom layers within each trilayer 
possess stripes that are shifted with respect to one another. This model differs from observation 
because it generates zero intensity for superlattice reflections in the hk0 plane. 
Model #4: In this model, shown in Fig. S5, charges are stacked in-phase within each trilayer like in 
Model #1. The trilayer containing the z=0 plane is exactly the same as its counterpart in Model #1; 
however, the charges in the z=0.5 layer are shifted along a by one Ni-Ni distance with respect to 
that in Model #1. In this way, the stripes in the z=0 and z=0.5 trilayers appear stacked when a 
projection is viewed along b. This model does not reproduce all of the observed superlattice 
reflections in the hk0 plane. Specifically, it generates only four superlattice peaks around each main 
Bragg reflection as shown in Fig. S5. 
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Fig. S3 Charge stripe model #2 and simulated diffraction patterns.  
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Fig. S4 Charge stripe model #3 and simulated diffraction patterns. 
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Fig. S5 Charge stripe model #4 and simulated diffraction patterns. 
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